Both quantity and quality of pasture forage produced generally varies with frequency and intensity of plant defoliation. However, intensity and frequency of defoliation have rarely been evaluated simultaneously. The objective of this study was to quantify forage quality response to simultaneous changes in defoliation treatments over a range of values likely to occur in short-duration graxing systems. Effects of defoliation treatments on forage digestibility (DMD), crude protein content (CPC), crude protein yield, and digestible dry matter yield were evaluated on a perennial ryegrass 
Forage quality must be considered along with total dry matter yield in designing pasture management systems for livestock production. Low quality forage, even if abundant, may be associated with low forage intake and poor performance of livestock (Ellis 1978 , Humphreys 1966 . Ideal pasture management would maximize both the quantity and quality of forage available to livestock. This is not always possible, however, because infrequent or lowintensity defoliation which maximizes forage production (Brougham 1959 , Ludlow and Charles-Edwards 1980 , Wilman and Asiegbu 1982 may reduce crude protein and digestibility of the forage produced (Allinson et al. 1969 , Chestnutt et al. 1977 , Woodman and Stewart 1932 . In practice, a balance must be sought between the quality and quantity of forage produced. Short duration grazing systems attempt to achieve this balance through control of frequency and intensity of defoliation events. A substantial body of information exists concerning the individual effects of frequency or intensity of defoliation on forage yield (Humphreys 1966 , Smetham 1977 . However, much less is known about effects on forage quality when these factors are applied concurrently over a range of values likely to be encountered in high-intensity grazing systems.
The purpose of this paper is to quantify the effects of different frequencies and intensities of defoliation on crude protein content, 
198
dry matter digestibility, crude protein yield, and digestible dry matter yield of forage obtained from perennial ryegrass-subclover pastures.
Materials and Methods
The study area was located on a south-facing hillside 1 km northwest of Corvallis, Oregon. Elevation is approximately 100 m. The climate is maritime with mild, wet winters and warm, dry summers. Average annual precipitation is approximately 1,030 mm; average monthly temperatures range from a low of 4' C in January to a high of 19' C in July and August; average frost-free period is 189 days (Redmond et al. 1984) . Climatic data from a station approximately 16 km northeast of the study area (NOAA, 1980 (NOAA, ,198 1,1982 indicated that soil and air temperatures were near average in 1980, 1981, and 1982 . Precipitation during this period was above the 30-year average, being 1,050, 1,170, and 1,187 mm during 1980, 1981, and 1982, respectively . Vegetation consisted of an old, well-established perennial ryegrass (Ldium perenne L.)-subclover (Trifolium subterraneum L.) stand containing approximately 55% ryegrass and 25% subclover at initiation of the experiment in 1980. Soil is a Hazelair silt loam (fine, mixed, mesic Ultic Haploxeroll; Knezevich 1975) .
A 20 X 40-m exclosure was built in March 1980 to protect plots from sheep (Ovis aries) grazing. Thirty-six 4-mr permanently marked plots within the exclosure were assigned randomly within blocks to defoliation treatments. Treatments included 3 replications of all possible combinations of 4 defoliation intervals (DI = 7, 21,35, or 49 days between consecutive defoliation@, and 3 stubble heights (SH-High = 70 mm, Medium = 55 mm, or Low = 40 mm stubble remaining after defoliation). Plots received the same treatment each year of the study.
A rear-bagging rotary mower was used to defoliate plots. Contents of the mower bag from each plot was weighed and a grab sample obtained for oven-dry matter determination and chemical analysis. Grab samples were ground to pass a l-mm sieve and stored in sealed plastic bags for chemical analysis. Treatments commenced each spring when pasture height reached 15 cm. Following this criterion, treatments began 5 April, 24 March, and 7 April in 1980,198 1, and 1982, respectively . Treatments and collection continued throughout the spring to summer growing season. Work has terminated in July each year when the sward entered summer dormancy.
Plots were fertilized with 150 kg ha-' of superphosphate in September each year. In addition, 2.5 kg ha-' of sodium molybdate was applied March 1980 to correct a possible MO deficiency.
Two-stage in vitro rumen fermentation (Tilley and Terry 1969 ) was used to determine forage digestibility. Rumen liquor was obtained from rumen-tistulated sheep fed ryegrass hay. Crude protein (N X 6.25) was determined using a micro-Kjeldahl method (AOAC 1970) . Yields of digestible forage and crude protein were calculated for each plot by multiplying digestibility and crude protein by the corresponding dry matter yield.
Data were analyzed as a split plot in time with DI and SH as main plots and years as subplots in a randomized complete block design with 3 replication8 (Steel and Torrie 1980) . Because treatments X year interactions were evident, data were further analyzed within year as a factorial arrangement of treatments in a randomized complete block design with 3 replications each year. Means, where appropriate, were separated by Student-Newman-Keul's test (Steel and Torrie 1980) . Significant treatment effects were partitioned into orthogonal polynomial components, and response surfaces were fitted by least squares regression procedures (Neter and Wasserman 1974) . Polynomials up to cubic terms for DI and up to quadratic terms for SH treatments, together with their interaction (DI X SH), were introduced as independent variables in a stepwise regression procedure. Models with the highest R and lowest mean square error were selected as the "best" models. Following t tests, only those regression coefficients which significantly differed from zero (x0.05) were retained in the models (Neter and Wasserman 1974 
Results and Discussion
Yearly average crude protein and dry matter digestibility of the forage produced each year increased (PCO.01) by approximately 2.5% during the 3 years of the study (Table 1) . Total crude protein yield also increased during the interval from 1980 to 1982. Total digestible dry matter yield, however, decreased (P<O.O5) during this period. Changes in forage crude protein and dry matter digestibility over time may be explained by an observed shift in species composition of the sward from grass to clover dominance during the course of the study. While 22% of sward canopy cover in 1980 was subclover, by 1982 it had increased to 55% of total sward canopy (Motazedian and Sharrow 1987) . Clovers generally have higher dry matter digestibility and crude protein than do associated grasses at similar stages of maturity (Smetham 1977) . Perennial ryegrass monocultures, however, may produce higher total dry matter yields than do perennial ryegrass-clover stands (Harris and Thomas 1973) . The higher crude protein and dry matter digestibility of ryegrass-clover pastures may compensate for their lower total dry matter yields (Ulyatt 1970) . These concepts are consistent with our observations that increased clover dominance of the sward was associated with higher crude protein yield but lower digestible dry matter yield. Crude protein content (CPC) declined (P<O.Oi) as defoliation interval increased from 7 (DI-7) to 49 (DI49) days between defoliation events (Fig. 1) . Averaged over all 3 years, the observed decrease was approximately 0.2% less crude protein for each additional day between defoliations. A similar rate in the decline of crude protein with decreasing defoliation frequency was reported by Woodman and Stewart (1932) . Response of dry matter digestibility to DI was less consistent than that of crude protein (Fig. 2) . Digestibility decreased (P<O.OS) as DI increased in both 198 1 and 1982. The degree of reduction in forage digestibility as DI increased was related to stubble height, with defoliation effects becoming more prominent as DI and SH increased. These findings are in general agreement with other reports (Binnie and Harrington 1972 , Clark et al. 1974 , Wilman et al. 1976 ) that both crude protein and digestibility of forage decline as defoliation interval increases. The observed numerical difference in dry matter digestibility resulting from defoliation every week compared to defoliation every 7 week8 is not large, being only about 1, 3, and 1% in 1980, 1981, and 1982, respectively . This decline is less than the 8% lower digestibility reported for DI-42 compared to DI-14 treatments for a perennial ryegrass stand by Chestnutt et al. (1977) , but similar to the 1% difference in digestible organic matter of DI-17 vs. DI-35 treatment8 noted by Woodman and Stewart (1932) .
Stubble height was a significant component of 1981 and 1982 CPC response surfaces (Fig. 1) ; however, stubble height had little numerical impact on CPC values during any year of our study. Forage digestibility (Fig. 2) was apparently more sensitive to stubble height than was the crude protein content of forage. Averaged over all 3 years, observed forage digestibility decreased by approximately 0.16% per l-mm decrease in stubble height, while observed 200 crude protein decreased by only 0.03% per 1 mm as defoliation height varied from 70 to 40 mm. These results are consistent with observations that digestibility of perennial ryegrass (Taylor and Rudman 1966) and legumes (Mowat et al, 1965 ) declined a8 harvest height declined. Several authors, however, have reported no difference in either percent crude protein or digestibility of forage from plots harvested at different heights (Clark et al. 1974 , Reid 1967 ). Binnie and Harrington (1972) , while observing no difference in the digestibility of Italian ryegrass (L&urn multiflorum L.) harvested at 2.5 compared to 6.5 cm stubble heights, reported lower crude protein of forage at the lower height. Clearly more work relating the components of pasture yield and the age of plant organs harvested at different stubble height8 need to be done before the effects of SH on forage quality will be fully understood.
Digestible dry matter yield increased (P<O.O5) rapidly with increasing DI during all 3 years of the study (Fig. 2) . The response model relating digestible dry matter yield to stubble height and period of defoliation in 1980 consisted of a power curve for DI plus linear SH and DI X SH terms. Neither SH nor the DI X SH interaction was useful as a predictor of digestible dry matter yield in either 198 1 or 1982. The difference in response between years is believed to reflect changes in species composition of the sward over time, as previously mentioned.
Similar to models for digestible dry matter yield, the response model relating DI and SH to crude protein yield in 1980 (Fig. 1) contained power curves for DI together with linear SH and DI X SH components. The impact of SH on yields of both crude protein and digestible dry matter appeared to decrease over the 3 years of study; stubble height was not a component of either crude protein yield or digestible dry matter yield response surfaces in 1982. Our Brougham, R.W. 1959. The effect of frequency and intensity of grazing on the-productivity of a pasture of short-r&ion ryegrass and red and white clover. New Zealand J. Agr. Res. 2:1232 Res. 2: -1248 response models suggest that digestible dry matter yield and crude protein yield of perennial ryegrass-dominant swards are generally more responsive to changes in DI than in SH. These parameters, moreover, were less responsive to SH in clover-dominant (1981 and 1982) than in ryegrass-dominant (1980) stands. Presumably, differences in response to defoliation reflect differences between digestibility and crude protein content of grass and clover as they mature.
The general trend suggested by our response models is for digestible dry matter yield to increase as DI increases over the range of values evaluated. Increased digestible dry matter yield observed as DI increases from 7 to 49 days between defoliation was associated with lower crude protein content and, to a lesser degree, reduced digestibility of the dry matter harvested. In no case did crude protein content drop below 10% of the dry matter. In the cloverdominant swards of 1981 and 1982, the lowest crude protein value recorded was 13%. If one allows for a slightly higher forage quality in an animal's diet compared to the general value of the forage on offer (Bedell 1971) , it is unlikely that dietary crude protein content will limit livestock performance under any of the defoliation regimes tested. It is more likely, as Smetham (1977) suggested, that livestock production on grass-clover pastures during spring and early summer will be limited by digestible energy intake rather than by crude protein content of the feed. He further speculated that increased digestible energy yield may be a primary cause of superior livestock performance under rotational grazing systems. This view is consistent with our observations that the short duration grazing practice of increasing defoliation interval produces pronounced increases in the yield of digestible dry matter. Increased yield of digestible dry matter under infrequent defoliation most likely results from dry matter yield increasing at a faster rate than its digestibility decreases with time since defoliation.
There is obviously a critical point at which forage digestibility is inadequate to achieve livestock production goals. The exact value of this critical point is somewhat arbitrary as it varies with the class and type of livestock, as well as with the level of livestock performance expected. Average daily gains of 290 g hd-' day-' may be achieved by lambs grazing perennial ryegrass-subclover pastures of 66% digestible dry matter and 9-10% crude protein content (Thetford 1976) . Using these values as a guide, a 35-day interval between grazing events appears to optimize the quality and quantity of forage produced from the grass-dominant pasture in 1980. This defoliation interval is also near optimum for maintaining perennial ryegrass in the sward (Motazedian and Sharrow 1987) . Clover-dominant pastures decline in quality more slowly than do grass-dominant pastures (Smetham 1977) . Our data suggest that defoliation intervals of 49 days or even longer may be optimum for cloverdominant swards such as our 1982 sward.
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